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METHOD AND APPARATUS FOR ACTIVATING A 
CRASH COUNTERMEASURE 

BACKGROUND OF INVENTION 

[0001] The present invention relates to pre-crash sensing 
systems for automotive vehicles, and more particularly, to 
side impact pre-crash sensing systems having counter-mea 
sures operated in response to pre-crash detection. 

[0002] Auto manufacturers are investigating radar, lidar, 
and vision-based pre-crash sensing systems to improve 
occupant safety. Current vehicles typically employ acceler 
ometers that measure forces acting on the vehicle body. In 
response to accelerometers, airbags or other safety devices 
are employed. Also, Global Position Systems (GPS) systems 
are used in vehicles as part of navigation systems. 

[0003] In certain crash situations, it Would be desirable to 
provide information to the vehicle operator before forces 
actually act upon the vehicle. As mentioned above, knoWn 
systems employ combinations of radar, lidar and vision 
systems to detect the presence of an object in front of the 
vehicle a predetermined time before an actual crash occurs. 

[0004] Other systems broadcast their positions to other 
vehicles Where the positions are displayed to the vehicle 
operator. The draWback to this system is that the driver is 
merely Warned of the presence of a nearby vehicle Without 
intervention. In a croWded traffic situation, enormous 
amounts of data may be exchanged. Further, such systems 
may have a CPU that is simultaneously updating informa 
tion and forming calculations for all vehicles. It Would 
therefore be desirable for vehicle that pose a threat to each 
other to communicate rather than all vehicles Within a 
desired distance. 

[0005] It Would be desirable to provide a system that takes 
into consideration the threat level of the vehicle in allocating 
resources. 

SUMMARY OF INVENTION 

[0006] The present invention provides an improved sys 
tem that deploys a countermeasure in response to the posi 
tion the object detected. 

[0007] In one aspect of the invention, a method for oper 
ating a pre-crash sensing system for a ?rst vehicle proXimate 
a second vehicle a counter-measure system comprising: 
generating an object detection signal over a ?eld of vieW 
from a ?rst vehicle; receiving the object detection signal at 
the second vehicle When positioned Within the ?eld of vieW; 
generating a response signal in response to said high fre 
quency signal, said response signal including a key; estab 
lishing an communication link betWeen said ?rst vehicle and 
said second vehicle using said key; communicating a ?rst 
vehicle data signal to the second vehicle using said key; and 
communicating a second vehicle data signal to the second 
vehicle using said key. 

[0008] In a further aspect of the invention, a system is 
provided for sensing a potential collision of a ?rst vehicle 
With a second vehicle that transmits a second vehicle infor 
mation signal. The pre-crash sensing system includes a 
threat registry, a position sensor generating a ?rst position 
signal corresponding to a position of the ?rst vehicle, and a 
?rst sensor generating sensor signals from the ?rst vehicle. 
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The vehicle also includes a receiver that receives the second 
vehicle position signal from the second vehicle and a 
countermeasure system. A controller is coupled to the threat 
registry, the position sensor, the ?rst sensor, the receiver, and 
the countermeasure system. The controller determines a 
time to collision and a distance to collision in response to the 
second vehicle information, the ?rst position signal and the 
second vehicle position. The controller determines a threat 
level as a function of the time to collision and the distance 
to collision, activating the countermeasure system in 
response to the threat level and storing the vehicle and threat 
level in the threat registry. 

[0009] One advantage of the invention is that by eXchang 
ing communication keys, the number of vehicles commu 
nicated With are limited and thus more processing resources 
can be devoted to processing desired vehicles. 

[0010] Other aspects and features of the present invention 
Will become apparent When vieWed in light of the detailed 
description of the preferred embodiment When taken in 
conjunction With the attached draWings and appended 
claims. 

BRIEF DESCRIPTION OF DRAWINGS 

[0011] FIG. 1 is a block diagrammatic vieW of a pre-crash 
sensing system according to the present invention. 

[0012] FIG. 2 is a plan vieW of a vehicle netWork accord 
ing to the present invention. 

[0013] FIG. 3 is a perspective vieW of an automotive 
vehicle instrument panel display for use With the present 
invention. 

[0014] FIG. 4 is a front vieW of a vehicle netWork display 
according to the present invention. 

[0015] FIG. 5 is a front vieW of a Warning display 
according to the present invention. 

[0016] FIG. 6 is a counter-measure display according to 
the present invention. 

[0017] FIG. 7 is a plan vieW of three vehicles relative to 
each other on a road forming a netWork therebetWeen. 

[0018] FIG. 8 is a plan vieW of one embodiment of a threat 
registry according to the present invention. 

[0019] FIG. 9 is a How chart of the operation of a 
pre-crash sensing system according to the present invention. 

[0020] FIG. 10 is a How chart of the operation of eXchang 
ing vehicle information according to one aspect of the 
invention. 

DETAILED DESCRIPTION 

[0021] In the folloWing ?gures the same reference numer 
als Will be used to identify the same components in the 
various vieWs. 

[0022] Referring noW to FIG. 1, a pre-crash sensing 
system 10 for an automotive vehicle 11 has a controller 12. 
Controller 12 is preferably a microprocessor-based control 
ler that is coupled to a memory 14. Controller 12 has a CPU 
13 that is programmed to perform various tasks. CPU 13 has 
various resources such as clock cycles to allocate to the 
sensing system. 
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[0023] Memory 14 is illustrated as a separate component 
from that of controller 12. HoWever, those skilled in the art 
Will recognize that memory may be incorporated into con 
troller 12. Memory 14 may comprise various types of 
memory including read only memory, random access 
memory, electrically erasable programmable read only 
memory, and keep alive memory. Memory 14 is used to store 
various thresholds and parameters including vehicle data 16 
and a threat registry 17 as illustrated. 

[0024] Controller 12 is coupled to a global positioning 
system 18 that receives position data triangulated from 
satellites as is knoWn to those skilled in the art. 

[0025] Controller 12 is coupled to a sensor data block 20 
that represents various sensors located throughout the 
vehicle. The various sensors Will be further described beloW. 

[0026] Controller 12 may also be coupled to a receiver 22 
coupled to a receiving antenna 24 and a transmitter 26 
coupled to a transmitting antenna 28. 

[0027] Controller 12 is also coupled to a display 30 that 
may include various types of displays including a vehicle 
netWork display, a Warning display 34, and a countermea 
sure display 36. Each of these displays Will be described in 
further detail beloW. As should be noted, display 30 may be 
a single display With different display features or may be 
individual displays that may include audible Warnings as 
Well. 

[0028] Controller 12 has various functional blocks illus 
trated Within CPU 13. Although these functional blocks may 
be represented in softWare, they may also be illustrated in 
hardWare. As Will be further described beloW, controller 12 
has a proximity detector 42 that is used to determine the 
proximity of the various vehicles around automotive vehicle 
11. A vehicle trajectory block 44 is used to determine the 
trajectory of the vehicle and surrounding vehicles. Based 
upon the vehicle trajectory block 44, a threat assessment is 
made in functional block 46. Of course, threat assessment 46 
takes into consideration various vehicle data 16 and sensor 
data from sensor block 20. Threat assessment 46 may be 
made based upon the braking capability of the present 
vehicle and surrounding vehicles in block 48 and also road 
conditions of the present vehicle and surrounding vehicles in 
block 50. As Will be further described beloW, the road 
conditions of block 50 may be used to determine the braking 
capability in block 48. 

[0029] In block 16, various vehicle data are stored Within 
the memory. Vehicle data represents data that does not 
change rapidly during operation and thus can be ?xed into 
memory. Various information may change only infrequently 
and thus may also be ?xed into memory 14. Vehicle data 
includes but is not limited to the vehicle type, Which may be 
determined from the vehicle identi?cation number, the 
Weight of the vehicle and various types of tire information. 
Tire information may include the tire and type of tread. Such 
data may be loaded initially during vehicle build and may 
then manually be updated by a service technician should 
information such as the tire information change. 

[0030] Global positioning system (GPS) 18 generates a 
position signal for the vehicle 11. Global positioning system 
18 updates its position at a predetermined interval. Typical 
interval update periods may, for example, be one second. 
Although this interval may seem long compared to a crash 
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event, the vehicle position may be determined based upon 
the last up update from the GPS and velocity and accelera 
tion information measured Within the vehicle. 

[0031] Sensor data 20 may be coupled to various sensors 
used in various systems Within vehicle 11. Sensor data 20 
may include a speed sensor 56 that determines the speed of 
the vehicle. Speed sensor may for example be a speed sensor 
used in an anti-lock brake system. Such sensors are typically 
comprised of a toothed Wheel from Which the speed of each 
Wheel can be determined. The speed of each Wheel is then 
averaged to determine the vehicle speed. Of course, those 
skilled in the art Will recogniZe that the vehicle acceleration 
can be determined directly from the change in speed of the 
vehicle. A road surface detector 58 may also be used as part 
of sensor data 20. Road surface detector 58 may be a 
millimeter radar that is used to measure the road condition. 
Road surface detector 58 may also be a detector that uses 
information from an anti-lock brake system or control 
system. For example, slight accelerations of the Wheel due 
to slippage may be used to determine the road condition. For 
example, road conditions such as black ice, snoW, slippery, 
or Wet surfaces may be determined. By averaging microac 
celerations of each tire combined With information such as 
exterior temperature through temperature sensor 60, slip 
page can be determined and therefore the road conditions 
may be inferred therefrom. Such information may be dis 
played to the driver of the vehicle. The surface conditions 
may also be transmitted to other vehicles. 

[0032] Vehicle data 16 has a block 52 coupled thereto 
representing the information stores therein. Examples of 
vehicle data include the type, Weight, tire information, tire 
siZe and tread. Of course, other information may be stored 
therein. 

[0033] Sensor data 20 may also include a tire temperature 
sensor 62 and a tire pressure sensor 64. The road condition 
and the braking capability of the vehicle may be determined 
therefrom. 

[0034] Other system sensors 65 may generate sensor data 
20 including steering Wheel angle sensor, lateral acceleration 
sensor, longitudinal acceleration sensor, gyroscopic sensors 
and other types of sensors. 

[0035] An object sensor 66 is coupled to controller 12. 
Object sensor 66 generates an object signal in the presence 
of an object Within the line of sight. Object sensor 66 may 
be comprised of one or a number of types of sensors 
including a radar 67, a lidar 68, and a vision system 69. 
Vision system 69 may be comprised of one or more cameras 
or CCD type devices. Both radar 67 and lidar 68 are capable 
of sensing the presence and the distance of an object from 
the vehicle. Vision system 69 may also be comprised of a 
stereo pair of cameras. When used as a stereo pair, the 
cameras act together and are capable of detecting the dis 
tance of an object from the vehicle. As Will be further 
described beloW, radar 67 or lidar 68 may be used to detect 
an object Within a detection Zone or ?eld of vieW and vision 
system 69 may be used to provide the siZe of the object to 
controller 12. When a radar 67 is used together With vision 
system 69, only one camera need be used rather than the 
stereo pair. In another embodiment of the invention the 
stereo pair may use a Well knoWn triangulation techniques to 
determine the presence of an object and the distance from 
the vehicle as Well as the object siZe Which may include area, 
height or Width, or combinations thereof. 
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[0036] Referring noW to FIG. 2, vehicle 11 may be part of 
a network 70 in conjunction With a second vehicle or various 
numbers of vehicles represented by reference numeral 72. 
Vehicle 72 preferably is con?gured in a similar manner to 
that of vehicle 11. Vehicle 72 may communicate directly 
With vehicle 11 through transmitter 26 and receiver 22 to 
form a Wireless local area netWork. The netWork 70 may also 
include a repeater 74 through Which vehicle 11 and vehicle 
72 may communicate. Repeater 74 has an antenna 76 
coupled to a transmitter 78 and a receiver 80. Various 
information can be communicated through netWork 70. For 
example, vehicle data, position data, and sensor data may all 
be transmitted to other vehicles throughout netWork 70. 

[0037] Referring noW to FIG. 3, an instrument panel 82 is 
illustrated having a ?rst display 84 and a second display 86. 
Either displays 84, 86 may be used generate various infor 
mation related to the pre-crash sensing system. 

[0038] Referring noW to FIG. 4, display 84 is illustrated in 
further detail. Display 84 corresponds to the vehicle netWork 
display 32 mentioned above. The vehicle netWork display 32 
may include a map 88, a ?rst vehicle indicator 90, and a 
second vehicle indicator 92. First vehicle indicator corre 
sponds to the vehicle in Which the pre-crash sensing system 
is While vehicle indicator 92 corresponds to an approaching 
vehicle. Vehicle netWork display 32 may be displayed When 
a vehicle is near but beyond a certain distance or threat level. 

[0039] Referring noW to FIG. 5, display 84 shoWing a 
Warning display 34 is illustrated. Warning display 34 in 
addition to the display information shoWn in vehicle net 
Work display in FIG. 3, includes a Warning indicator 94 and 
a distance indicator 96. Distance indicator 96 provides the 
vehicle operator With an indication of the distance from a 
vehicle. The Warning display 34 may be indicated When the 
vehicle is Within a predetermined distance or threat level 
more urgent than that of vehicle netWork display 32 of FIG. 
3. 

[0040] Referring noW to FIG. 6, vehicle display 84 
changes to a counter-measure display 36 to indicate to the 
vehicle operator that a counter-measure is being activated 
because the threat level is high or the distance from the 
vehicle is Within a predetermined distance less than the 
distances needed for activation of displays shoWn in FIGS. 
3 and 4. 

[0041] Referring noW to FIG. 7, a netWork 70“ may be 
formed betWeen a ?rst vehicle 98, a second vehicle 100 and 
a third vehicle 102. First vehicle 98 and third vehicle 102 are 
adjacent to each other and may communicate various infor 
mation therebetWeen. As is illustrated the ?rst vehicle has a 
?eld of vieW 104 from an object sensor. The ?rst vehicle 
obstructs the vieW of the third vehicle relative to the second 
vehicle 100. Therefore, it Would be desirable for the ?rst 
vehicle 98 and the third vehicle 102 to share information 
such as the threat registry that may include information 
about the position and other information about the second 
vehicle 100. 

[0042] Referring noW to FIG. 9, threat registry 17 is 
illustrated in further detail. In the example illustrated, threat 
registry 17 is divided into three portions. The ?rst portion is 
an imminent threat portion 110. Imminent threat portion has 
vehicles that pose an imminent threat based upon various 
operating conditions, including the position, velocity and 
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acceleration of the target vehicle relative to the monitoring 
vehicle. The time to impact and the distance to the vehicle 
as Well as the current trajectory of each vehicle are important 
considerations. In response to a vehicle in the imminent 
threat portion 110, countermeasure display 36 may be dis 
played as described above. 

[0043] The second portion of threat registry 17 is a pos 
sible threat registry. In this portion of threat registry 17, a 
vehicle having operating characteristics that may potentially 
result in a collision are stored. The vehicles Within possibly 
threat portion 112 are carefully monitored to determine 
Whether they should be placed Within the imminent threat 
portion 110. 

[0044] The third portion of threat registry 17 is a surround 
ing vehicle portion. Vehicles placed Within this portion of 
the registry are vehicles in the surrounding area or Within a 
predetermined distance from the monitoring vehicle. These 
vehicles are not likely to pose a threat. 

[0045] Referring noW to FIG. 9, a method for operating 
the pre-crash sensing system is described. In step 116 the 
various sensors of the monitoring vehicle are read. The 
sensors provide an indication as to the current dynamics of 
the vehicle. In step 118, various vehicle data from the 
memory are read. In step 120 the position signal of the ?rst 
vehicle from a global positioning system is obtained. In step 
122 the monitoring vehicle generates an object signal and 
detects an object Within its ?eld of vieW. By detecting an 
object Within the ?eld of vieW, communication is initiated 
betWeen the ?rst vehicle or monitoring vehicle and the 
second vehicle, the vehicle Within the ?eld of vieW in step 
124. A key is exchanged betWeen the ?rst vehicle and the 
second vehicle. This alloWs the vehicles to communicate 
using the key While vehicles not holding the key are 
excluded from communication. In a commercial environ 
ment, various vehicles may be using the same frequency to 
communicate and thus, by exchanging a key, only vehicles 
posing a threat to each other Will communicate. By exchang 
ing the key, a communication link in step 126 is formed. By 
using the communication link and the key, the ?rst vehicle 
and the second vehicle exchange information in step 128. 
The information may be exchanged using the transponder or 
transmitter and receiver described above. The various infor 
mation includes the coordinates, and may also include 
various other information including the braking capability, 
road conditions, location, time to impact and distance to 
collision. Thus, in step 130 the proximity of each vehicle is 
established. The trajectory of the ?rst vehicle is then deter 
mined using the sensor data, vehicle data, and position data 
from above. By comparing the data from the ?rst vehicle and 
the second vehicle and determining the proximity and tra 
jectory, the threat of the second vehicle on the ?rst vehicle 
is determined in step 134. Based on the assessment of threat, 
the threat registry is established in step 136 Wherein the 
second vehicle is placed in an appropriate category. If the 
threat is in the third category, that is, in a surrounding 
vehicle portion of the threat registry in step 138, a ?rst 
display may be provided to the vehicle operator in step 140. 
After step 140, the various sensors and surrounding vehicle 
information is again monitored. In step 142, if the threat is 
a second level threat, then a second display 144 is displayed 
to the vehicle operator. After step 144, the vehicle sensors 
are again read to update the information above. In step 142, 
if the threat is not the second threat level, then the threat is 
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a ?rst level threat in step 146. If there is a threat in the ?rst 
level, system resources may be allocated to monitoring the 
?rst threat. That is, the CPU cycles of the controller may be 
divided so that eight to ninety percent of the CPU cycles are 
used to determine the vehicle likely to be a threat in 148. In 
step 150, countermeasures are activated in response to a 
vehicle in the ?rst threat level. TWo types of countermea 
sures may be formed and include an accident mitigation 
countermeasure and accident avoidance countermeasures. If 
the vehicle threat may be avoided, accident avoidance 
countermeasures take precedence. Such accident avoidance 
countermeasures may include controlling a steer by Wire 
steering system or controlling the braking system of the 
vehicle. Of course, combinations of both and other types of 
accident avoidance may be performed. In step 152, a coun 
termeasure display, such as that shoWn as 36 above, may be 
displayed. 

[0046] Referring noW to FIG. 10, as mentioned above, a 
third vehicle may be obstructed by one of the ?rst tWo 
vehicles. Thus, it Would be desirable to provide the third 
vehicle With information as to the threat registry of the 
adjacent vehicle. In step 162, each vehicle monitors to 
determine Whether there is an adjacent vehicle. If there is no 
adjacent vehicle the monitoring continues. In step 162, if 
there is an adjacent vehicle the threat registries betWeen the 
adjacent vehicles are exchanged. Thus, by having the threat 
registry of the adjacent vehicle, a more complete monitor of 
the area is formed. 

[0047] As Would be evident to those skilled in the art, 
various permutations and modi?cations to the above method 
may be performed. For example, a system in Which the road 
condition and position of the second vehicle may be used to 
activate a counter-measure system may be employed. Like 
Wise, the second vehicle position relative to the ?rst vehicle 
and the road condition at the second vehicle may also be 
displayed to the vehicle operator. Likewise, the threat 
assessment may also be adjusted according to the road 
position. 

[0048] Another embodiment of the present invention 
includes activating the countermeasure system in response 
to the braking capability of surrounding vehicles. By fac 
toring in the braking capability of surrounding vehicles, 
threat assessment levels may be adjusted accordingly. Like 
Wise, the braking capability of the ?rst vehicle may also be 
used in the threat assessment level. LikeWise, the displays 
may also be updated based upon the braking capabilities of 
the nearby vehicles. The braking capabilities may be deter 
mined from various tire type, siZe, tread, tire pressure, tire 
temperature, outside temperature as Well as the road condi 
tion. 

[0049] Advantageously, by connecting the vehicles 
through the netWork, various information may be knoWn to 
drivers of other nearby vehicles. For example, the presence 
of black ice and other slippery conditions not readily appar 
ent may be transmitted to other vehicles for avoidance 
thereof. 

[0050] While particular embodiments of the invention 
have been shoWn and described, numerous variations and 
alternate embodiments Will occur to those skilled in the art. 
Accordingly, it is intended that the invention be limited only 
in terms of the appended claims. 
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1. A method for operating a pre-crash sensing system for 
a ?rst vehicle proximate a second vehicle a counter-measure 
system comprising: 

generating an object detection signal over a ?eld of vieW 
from a ?rst vehicle; 

receiving the object detection signal at the second vehicle 
When positioned Within the ?eld of vieW; 

generating a response signal in response to said high 
frequency signal, said response signal including a key; 

establishing an communication link betWeen said ?rst 
vehicle and said second vehicle using said key; 

communicating a ?rst vehicle data signal to the second 
vehicle using said key; and 

communicating a second vehicle data signal to the second 
vehicle using said key. 

2. Amethod as recited in claim 1 Wherein entering the ?rst 
vehicle information into the second vehicle threat registry 
and classifying ranking the ?rst vehicle information Within 
the registry. 

3. A method as recited in claim 2 Wherein classifying 
comprises classifying the ?rst vehicle information as an 
imminent threat. 

4. A method as recited in claim 3 further comprising 
allocating a system resource in response to the imminent 
threat. 

5. A method as recited in claim 1 further comprising 
communicating the second vehicle threat registry to a third 
vehicle adjacent to the second vehicle. 

6. A method as recited in claim 1 Wherein communicating 
a ?rst vehicle data signal comprises communicating a ?rst 
position of the ?rst vehicle. 

7. A method as recited in claim 1 Wherein communicating 
a second vehicle data signal comprises communicating a 
second position of the second vehicle. 

8. A method as recited in claim 1 Wherein communicating 
a ?rst vehicle data signal comprises communicating a ?rst 
heading information of the ?rst vehicle. 

9. A method as recited in claim 1 Wherein communicating 
a second vehicle data signal comprises communicating 
second heading information of the second vehicle. 

10. A method as recited in claim 1 Wherein communicat 
ing a ?rst vehicle data signal comprises communicating ?rst 
trajectory information of the ?rst vehicle to the second 
vehicle. 

11. A method as recited in claim 1 further comprising 
classifying a threat level as a function of the ?rst vehicle 
trajectory. 

12. A method as recited in claim 1 further comprising 
activating a countermeasure system in response to the threat 
level. 

13. A method as recited in claim 1 Wherein said vehicle 
information comprises heading and speed. 

14. Amethod for operating a pre-crash sensing system for 
a ?rst vehicle proximate a second vehicle a counter-measure 
system comprising: 

establishing a communication link betWeen said ?rst 
vehicle a plurality of vehicles a communication key; 

communicating a vehicle data to the ?rst vehicle from the 
plurality of vehicles; and 
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entering the vehicle data into the ?rst vehicle threat 
registry; 

ranking the vehicle data by vehicle Within the registry in 
one of a plurality of classes. 

15. A method as recited in claim 14 further comprising 
ranking some as the vehicle data as an imminent threat. 

16. A method as recited in claim 14 further comprising 
allocating a system resource in response to the imminent 
threat. 

17. A method as recited in claim 14 further comprising 
estimating a time to impact. 

18. A method as recited in claim 14 further comprising 
activating an avoidance countermeasure When the time to 
impact is greater than a time threshold. 

19. A method as recited in claim 14 further comprising 
activating an impact countermeasure When the time to 
impact is less than a time threshold. 

20. A method as recited in claim 14 Wherein generating a 
vehicle data signal comprises generating a vehicle type 
signal, a vehicle Weight signal or a vehicle siZe signal. 

21. A system for sensing a potential collision of a ?rst 
vehicle With a second vehicle that transmits a second vehicle 
information signal, said ?rst vehicle having a pre-crash 
sensing system comprising: 

a threat registry; 

a position sensor generating a ?rst position signal corre 
sponding to a position of the ?rst vehicle; 
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a ?rst sensor generating sensor signals from the ?rst 

vehicle; 

a receiver receiving the second vehicle position signal 
from the second vehicle; 

a countermeasure system; 

a controller coupled to the threat registry, the position 
sensor, the ?rst sensor, the receiver, and said counter 
measure system, said controller determining a time to 
collision and a distance to collision in response to the 
second vehicle information, the ?rst position signal and 
the second vehicle position, said controller determining 
a threat level as a function of the time to collision and 

the distance to collision, activating the countermeasure 
system in response to the threat level and storing the 
vehicle and threat level in the threat registry. 

22. Asystem as recited in claim 21 Wherein said controller 
comprises system resources, said controller allocating sys 
tem resources in response to said threat level. 

23. A system as recited in claim 21 Wherein said counter 
measure system comprises avoidance countermeasures and 
mitigation countermeasures, said controller choosing to acti 
vate said avoidance countermeasures or mitigation counter 
measures in response to said threat level. 


